Traditional sheep and cattle grazing in natural semiarid Mediterranean, Asian and African regions is based on night corrals, where animal secretions accumulate. Lack of management and disregard for the long-term effects of using the same sites for corrals on underground soil characters may negatively affect soil values. This locally increases the content of organic matter and nutrients such as nitrogen, potassium, phosphorus and others that are stockpiled in the corrals. As these activities are long-lasting, they affect the soil parameters, leading to nutrient leakage and contamination of the upper and sub-soil surface. This alarming situation demands a technique to reveal and estimate sub-soil contamination in corrals by using the frequency domain electromagnetic method (FDEM) for measuring soil salinity. The aim of this study is to correlate electrical conductivity measurement with the FDEM to study the influence of sheep corrals on the changes within the sub-soils of corrals in the semiarid region of the northern Negev desert. The results show that a correlation was found between the laboratory soil analysis and the electromagnetic analysis in all sites. Plugot forest site results found to be anomalous indicated sub-surface conductivity resulting from the presence of the corral, with a higher conductivity value of about 230 mS/m, while no differences were found between the soil layers outside the active corral and the corral edge. High values were found in the center of the active corral: 960 mS/m by the laboratory analysis and 200 mS/m by the FDEM. The values obtained in the abandoned corral in the laboratory were about 10 times lower than those obtained from the active corral and six times lower that those found with the FDEM. At the Beit Nir site, high values were found in the center of the active corral: 300 mS/m by the laboratory analysis and 130 mS/m by the FDEM. With different sources of manure, cattle and sheep have shown similar patterns of electrical conductivity (EC) obtained in the sub-soil layers between active and abandoned corrals: high in the center and low at the edge and outside the corral and decreased with depth.
Introduction
Semiarid and dry Mediterranean regions, which are not utilized for agricultural crops, have been used for hundreds and thousands of years for livestock grazing. During the green season, these pasturelands are intensively exploited for feeding animals on herbaceous vegetation [1] [2] [3] . Several factors may affect pastureland nutrient flux: seasonal climate, landscape topography, vegetation species composition, animal type and grazing management practices [4] .
In the semiarid Negev desert of Israel, more than 250,000 sheep and goats undergo migration for seasonal grazing in the late winter and spring from their traditional residential settlements in the eastern Negev to planted forests in the western and northern Negev. This management routine is highly encouraged by foresters, who note that grazing will reduce herbaceous vegetation and thus reduce the risk of forest fires [5] [6] [7] [8] .
Traditional livestock grazing (sheep or cattle) in natural semiarid Mediterranean, Asian and African regions is based on grazing during the day and returning to protected corrals or areas near a water point at night in order to prevent herds from scattering and to guard against predation. This routine of livestock management leads to the accumulation of animal secretions in night corrals [9] [10] [11] [12] [13] . Furthermore, since the herds return to the same grazing area every year and the night corrals are built at the same site, high levels of excreted manure and urine accumulate in the soils. Thus, livestock grazing affects the magnitude of soil nutrients in rangeland ecosystems [14] [15] [16] [17] , locally increasing the content of organic matter and minerals such as nitrogen, potassium, phosphorus and other nutrients stockpiled in the corrals [13, [18] [19] [20] [21] . These effects are long-lasting and affect soil parameters. This results in nut The identification of leakage to the sub-soil can be carried out through conservative methods, including chemical and physical measurements. In recent years, however, there has been an increase in the use of active remote-sensing tools, such as the sub-surface frequency domain electromagnetic method (FDEM) (Figure 1 ), for measuring and estimating the sub-surface's electrical conductivity profile and magnetic susceptibility (MS). This method provides the added advantage of being able to map underground salinity changes [22] [23] [24] .
The aim of this study was to demonstrate the use of the FDEM method to evaluate the leakage of livestock secretions to the sub-soil beneath the corrals in semiarid Mediterranean planted forests. Our purpose was to develop practical tools that would provide a snapshot of changes in spatial soil salinity content to depths of about 2-3 m in corral areas, at a relatively low cost and in real time. The salinity of the soil, irrigation water, or fertilizer solution is an important parameter affecting the root zone environment of plants. Any of these factors can have a significant effect on plant growth and pasture quality. Low salt levels could lead to nutrient deficiencies while high salt levels serve as a warning sign to adjust.
The spatial measurements performed with the FDEM allow tens of thousands of points per hectare to be measured, thereby enabling the spatial situation along the grazed area to be monitored while minimizing effort and economizing the cost of digging and removing samples from the underground layers. The identification of leakage to the sub-soil can be carried out through conservative methods, including chemical and physical measurements. In recent years, however, there has been an increase in the use of active remote-sensing tools, such as the sub-surface frequency domain electromagnetic method (FDEM) (Figure 1 ), for measuring and estimating the sub-surface's electrical conductivity profile and magnetic susceptibility (MS). This method provides the added advantage of being able to map underground salinity changes [22] [23] [24] .
The spatial measurements performed with the FDEM allow tens of thousands of points per hectare to be measured, thereby enabling the spatial situation along the grazed area to be monitored while minimizing effort and economizing the cost of digging and removing samples from the underground layers.
Materials and Methods

Study Sites
The study was conducted at two sites ( Figure 2 , Table 1 ). At each site, we chose two locations: (1) active-continuous use and (2) abandoned corrals (5-10 years). One location was in planted forests located in the northern Negev desert in Israel, the Plugot Forest (31 • 37 8.03" N; 34 • 44 46.77" E; altitude 120 m above sea level (a.s.l.)), in which 266 ha are planted with Eucalyptus sargentii. The site is grazed seasonally by Bedouin herds. The second site is the Beit Nir Natural Reserve area in Shefelat Yehuda (31 • 65 N, 34 • 88 E; altitude 285 m a.s.l.), in which 2000 ha are dominated by woody shrubs and scattered trees. The dominant perennial species in the research area are Pistacia lentiscus, Phillyrea latifolia, Sarcopoterium spinosum, and Eucalyptus camaldulensis. This site is grazed by managed cattle herds, with supplements of hay and fallow in the late autumn and early winter [13] .
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Study Sites
The study was conducted at two sites ( Figure 2 , Table 1 ). At each site, we chose two locations: (1) active-continuous use and (2) abandoned corrals (5-10 years). One location was in planted forests located in the northern Negev desert in Israel, the Plugot Forest (31°37'8.03" N; 34°44'46.77" E; altitude 120 m above sea level (a.s.l.)), in which 266 ha are planted with Eucalyptus sargentii. The site is grazed seasonally by Bedouin herds. The second site is the Beit Nir Natural Reserve area in Shefelat Yehuda (31°65' N, 34°88' E; altitude 285 m a.s.l.), in which 2000 ha are dominated by woody shrubs and scattered trees. The dominant perennial species in the research area are Pistacia lentiscus, Phillyrea latifolia, Sarcopoterium spinosum, and Eucalyptus camaldulensis. This site is grazed by managed cattle herds, with supplements of hay and fallow in the late autumn and early winter [13] . The corral matrix is dominated by herbaceous vegetation, mostly short annual grasses, legumes, thistles, and forbs. The soil is sandy clay in the Plugot forest (49.2% clay, 37.5% sand, 13.3% silt) and that in Beit Nir is brown and pale Rendzina with calcareous material and a sandy loam texture (48% clay). The long-term average seasonal rainfall is 391 mm in the Plugot forest and 450 in the Beit Nir site, with rain falling during the cold season from late autumn to early spring (November-April; values are for the hydrological year) [13] . Average minimal (January) and maximal (July) temperatures are 8.1 °C and 31.7 ℃ in the Plugot forest and 8.3 ℃ and 34 ℃ in the Beit Nir site [25] . The electrical conductivity (EC) measurements were carried out in July and September, when the soil was relatively dry, with up to 5% moisture content.
Herds of Bedouin sheep arrive every year at the Plugot forest for seasonal grazing (ca. 700 animals; ca. 90% Awassi sheep and 30% Baladi goats), with an average stocking rate of 2.7 animals ha-1. Adult animal weight is 40-50 kg. In Beit Nir the cattle herd consists of 700 individuals (mixed Hereford and Simmental). Mature animal weight is 500-700 kg, with an average stocking rate of 0.53 animal ha-1. The grazing starts in February after a threshold vegetation biomass is reached in order to ensure continuous productivity during the green season, which lasts 3 to 5 months based on yearly rainfall conditions. According to traditional grazing in the region, sheep are kept overnight in seasonal corrals that are 50 to 80 m in diameter. During the daytime, the herds graze on the herbaceous vegetation, while at nighttime they are gathered back into the corrals. At the Beit Nir site, the cattle graze during the daytime in the corral matrix on the herbaceous vegetation and at nighttime are concentrated near water points. The corral matrix is dominated by herbaceous vegetation, mostly short annual grasses, legumes, thistles, and forbs. The soil is sandy clay in the Plugot forest (49.2% clay, 37.5% sand, 13.3% silt) and that in Beit Nir is brown and pale Rendzina with calcareous material and a sandy loam texture (48% clay). The long-term average seasonal rainfall is 391 mm in the Plugot forest and 450 in the Beit Nir site, with rain falling during the cold season from late autumn to early spring (November-April; values are for the hydrological year) [13] . Average minimal (January) and maximal (July) temperatures are 8.1 • C and 31.7°C in the Plugot forest and 8.3°C and 34°C in the Beit Nir site [25] . The electrical conductivity (EC) measurements were carried out in July and September, when the soil was relatively dry, with up to 5% moisture content.
Herds of Bedouin sheep arrive every year at the Plugot forest for seasonal grazing (ca. 700 animals; ca. 90% Awassi sheep and 30% Baladi goats), with an average stocking rate of 2.7 animals ha-1. Adult animal weight is 40-50 kg. In Beit Nir the cattle herd consists of 700 individuals (mixed Hereford and Simmental). Mature animal weight is 500-700 kg, with an average stocking rate of 0.53 animal ha-1. The grazing starts in February after a threshold vegetation biomass is reached in order to ensure continuous productivity during the green season, which lasts 3 to 5 months based on yearly rainfall conditions. According to traditional grazing in the region, sheep are kept overnight in seasonal corrals that are 50 to 80 m in diameter. During the daytime, the herds graze on the herbaceous vegetation, while at nighttime they are gathered back into the corrals. At the Beit Nir site, the cattle graze during the daytime in the corral matrix on the herbaceous vegetation and at nighttime are concentrated near water points. 
Laboratory Analysis
Soil sampling was carried out in the summers of 2017 and 2018. Soil samples at three different depths (n = 5) were collected in cross-section, from the central corral matrix to the outside of the corral matrix, while crossing the corral edges. The soil samples were collected and transferred to the laboratory for EC measurements. EC was measured in saturated paste (1:2 soil:water, respectively), after shaking for 1 h (150 rpm) and filtration (Whatman No.1) [26] .
FDEM Measurements
The traditional electrical method "measures" apparent resistivity using electrodes that require ground contact in a DC electrical survey, while the Electromagnetic (EM) method "measures" apparent conductivity without ground contact. The EM method, known as a "potential method", involves transmitting and receiving EM fields, commonly using a set of coils. The common unit of resistivity is ohm-m and that of conductivity is the inverse, Siemen/m. Similarly, the apparent conductivity is only the same as the true conductivity when the earth is a homogeneous half space. As an example, consider a pair of horizontal coils separated by a distance r. A routinely measured quantity is called the mutual coupling ratio for a horizontal coplanar (or vertical dipole) coil configuration over layered earth, as derived by [27] [28] [29] , among others. Figure 3 shows a coplanar coil pair at height h above the layered earth [30] . A damped least-squares inversion based on singular value decomposition is used to solve the nonlinear inverse problem. The depth of investigation of an EM system can be estimated using the skin depth δ, which is defined in classical EM theory as the distance in a homogeneous medium over which the amplitude of a plane wave is attenuated by a factor of 1/e, or about 37% of its original amplitude. The skin depth δ is:
where σ is the half-space conductivity, µ is magnetic permeability and ω is the angular frequency of the wave plane. However, the depth of investigation is affected by the properties of the target and host medium as well as factors related to sensor sensitivity, accuracy, frequency, coil configuration, ambient noise and data processing and interpretation methods. Under ideal conditions, the depth of investigation can be greater than upper layer depth, but in geologically complex and/or environmentally noisy areas the depth of investigation can be substantially less than upper layer depth [31] . Consequently, the depth of investigation is practically empirical and should be measured or correlated by other means when an estimation is not good enough. The ability to transmit in several frequencies allows us to perform "frequency sounding" using a multi-frequency sensor, thereby resolving different depths of correlation.
The traditional electrical method "measures" apparent resistivity using electrodes that require ground contact in a DC electrical survey, while the Electromagnetic (EM) method "measures" apparent conductivity without ground contact. The EM method, known as a "potential method", involves transmitting and receiving EM fields, commonly using a set of coils. The common unit of resistivity is ohm-m and that of conductivity is the inverse, Siemen/m. Similarly, the apparent conductivity is only the same as the true conductivity when the earth is a homogeneous half space. As an example, consider a pair of horizontal coils separated by a distance r. A routinely measured quantity is called the mutual coupling ratio for a horizontal coplanar (or vertical dipole) coil configuration over layered earth, as derived by [27] [28] [29] , among others. Figure 3 shows a coplanar coil pair at height h above the layered earth [30] . A damped least-squares inversion based on singular value decomposition is used to solve the nonlinear inverse problem. Figure 3 . Geometry of the horizontal coplanar electromagnetic sensor over layered earth where σ is the conductivity, t is the thickness of each layer, the subscripts stand for the number of layers, s is the coil separation and h is the sensor height [30] . The FDEM method provides a geophysical tool for measuring EC and MS (apparent values) of sub-surface rocks, soils and minerals. The FDEM method involves generating EM fields that induce alternating sub-surface eddy currents, which in turn cause the sub-surface materials to form relative magnetic fields. By measuring these magnetic fields, apparent sub-surface properties such as EC and MS can be deduced. EC is mainly a function of the soil and rock matrix, percent saturation and conductivity of pore fluids.
In this study, we used a Gem-2 sensor operated in multi-frequency mode with the following five frequencies: 22,525 Hz; 29,075 Hz; 37,525 Hz; 48,425 Hz; 62,525 Hz (Figure 4 ). Since there is a connection between frequency and penetration depth, each frequency reaches a different penetration depth. The lower the frequency, the deeper the penetration. The maximum penetration depth achieved was 3 m. Frequency result measurements show a unique resemblance between different wavelength analyses, probably because of the similar infiltration of the contamination along the depth range; therefore, we chose to present the total EC averaging parameter to express the differences in the results between the two sites ( Figure 5 ). connection between frequency and penetration depth, each frequency reaches a different penetration depth. The lower the frequency, the deeper the penetration. The maximum penetration depth achieved was 3 m. Frequency result measurements show a unique resemblance between different wavelength analyses, probably because of the similar infiltration of the contamination along the depth range; therefore, we chose to present the total EC averaging parameter to express the differences in the results between the two sites ( Figure 5 ). 
Calculations and Statistics
Tukey HSD post hoc tests (for all tests p < 0.05) comparisons were carried out to examine differences among corral categories and controls and the correlation between the FDEM and the EC measurements. Comparison of electrical conductivity of FDEM results and chemical results were conducted from the sub-soil surface. Statistical analyses were performed in JMP®(version 13, SAS, Cary, NC, USA) (https://www.jmp.com).
Results
Plugot Forest Site
The sensor GEM-2 scanning area was approximately 50 m long and 50 m wide. Lower EC values appear in blue shades, while higher conductivity values appear in red ( Figure 5 ). Figure 6 is based on the EC measurements performed with FDEM in active and abandoned corrals at the Plugot forest site. The center of the two maps represents relatively high EC levels, as shown by the salt layer in the sub-soil ( Figure 6 ). This was found to be anomalous, indicating sub-surface conductivity resulting from the presence of the corral, with a higher conductivity value of about 230 mS/m ( Figure 5 ).
The sensor GEM-2 scanning area was approximately 50 m long and 50 m wide. Lower EC values appear in blue shades, while higher conductivity values appear in red ( Figure 5 ). Figure 6 is based on the EC measurements performed with FDEM in active and abandoned corrals at the Plugot forest site. The center of the two maps represents relatively high EC levels, as shown by the salt layer in the sub-soil ( Figure 6 ). This was found to be anomalous, indicating sub-surface conductivity resulting from the presence of the corral, with a higher conductivity value of about 230 mS/m ( Figure 5 ). site. The center of the two maps represents relatively high EC levels, as shown by the salt layer in the sub-soil ( Figure 6 ). This was found to be anomalous, indicating sub-surface conductivity resulting from the presence of the corral, with a higher conductivity value of about 230 mS/m ( Figure 5 ). A similar trend was noted in the laboratory measurements along the soil depth in comparison to the FDEM in the active corral at the Plugot site. No differences were found between the soil layers outside the active corral and the corral edge. High values were found in the center of the active corral: 960 mS/m by the laboratory analysis ( Figure 7A ) and 200 mS/m measured by the FDEM (Figure 7B) . Gradient values of EC were found in the center of the active corral upper layer (0-20 cm) in comparison to the lower layers (20-40 and 40-60 cm, respectively) ( Figure 7) . The values obtained in the abandoned corral in the laboratory were about 10 times lower than those obtained from the active corral and six times lower those obtained with the FDEM (Figure 7A ,C and Figure 7B ,D, respectively). Almost no differences were found in the pattern between the center, the edge, and outside the corral in both the laboratory analysis and the FDEM measurements in the abandoned corral, although the laboratory showed higher values −80 mS/m in comparison to 40 mS/m, obtained by the FDEM. the abandoned corral in the laboratory were about 10 times lower than those obtained from the active corral and six times lower those obtained with the FDEM (Figure 7A,C and B,D, respectively) . Almost no differences were found in the pattern between the center, the edge, and outside the corral in both the laboratory analysis and the FDEM measurements in the abandoned corral, although the laboratory showed higher values −80 mS/m in comparison to 40 mS/m, obtained by the FDEM. Figure 8 was based on EC measurements carried out with FDEM in abandoned and active corrals at the Beit Nir site. The lower EC values appear in blue shades, while higher conductivity values appear in red. The center of the two maps represents relatively high EC levels, indicating sub-surface conductivity resulting from the presence of the corral. A similar trend was obtained in the laboratory measurements along the soil depth in comparison to the FDEM in the active corral at the Beit Nir site (Figure 7) . Differences were also found between the soil layers outside the active corral and at the corral edge. High values were found in the center of the active corral: 300 mS/m by laboratory analysis ( Figure 7E ) and 130 mS/m measured by the FDEM (Figure 7F ). EC gradient values of about 50 mS/m were found in the center of the active corral upper layer (0-20 cm) in comparison to the lower layers (20-40 and 40-60 cm, respectively) ( Figure 7G,H) .
Beit Nir Site
EC values obtained in the abandoned corral in the laboratory were similar in scale to those obtained from the active corral, although both were about twice as high as the values measured by the FDEM (Figure 7E ,G and Figure 7F ,H, respectively).
Geosciences 2019, 9, x FOR PEER REVIEW 8 of 10 ( Figure 7) . Differences were also found between the soil layers outside the active corral and at the corral edge. High values were found in the center of the active corral: 300 mS/m by laboratory analysis ( Figure 7E ) and 130 mS/m measured by the FDEM (Figure 7F ). EC gradient values of about 50 mS/m were found in the center of the active corral upper layer (0-20 cm) in comparison to the lower layers (20-40 and 40-60 cm, respectively) ( Figure 7G,H) . 
Discussion
The purpose of our study was to develop a practical tool to detect changes with the EC in subsoil layers of corral areas. The concept is based on using FDEM measurements for a high soil coverage area at a relatively low cost and with real-time laboratory EC measurements.
Grazing intensity affected soil and sub-soil properties [12, 32, 33] , while the accumulation of animal secretions in night corrals intensified the sub-soil effects [2, 6, 10, 13, 18] . Akhzari et al. [2] reported using different soil sampling methods: from six 150 m transects, significant differences were found between soil EC values in corral soils in comparison to the nearby landscape. While their study is based on digging to the soil depth and transferring soil samples from the underground layers to the laboratory for chemical analysis, the FDEM technique minimizes labor effort, time and costs.
Our results show that despite the different sources of manure, from cattle at Beit Nir and sheep at Plugot, similar patterns of the EC were obtained in the sub-soil layers between active and abandoned corrals at both sites. EC was higher in the center and lower at the edge and outside the corral; moreover, it decreased with depth. A similar pattern was observed between the two methods regarding the lowest area and the topographic changes. The difference obtained between the two methods showed a correlation between the laboratory analysis and the electromagnetic analysis at both sites (between active corrals, r 2 = 0.76, p = 0.0021).
In the abandoned corrals (5 to 10 years old) [13] , we found that the differences between the center of the corrals and the adjacent natural area were less significant than the differences between the center of the active corral and the outer natural area. This may indicate changes over time that result from the leakage of the salts to the sub-soil underground .
The results of the FDEM and the laboratory methods show good trend correlation; however, the values cannot be identical because of the inherent differences between these EM methods of measurement: (1) AC vs. DC: while FDEM measures AC (alternating current) in the field at different frequencies, a DC (direct current) method is used in the laboratory; (2) volume differences of 5-6 orders of magnitudes: "spatial" vs. "point/local" (the FDEM is "spatial volumetric" method-samples are of a volume magnitude of m 3 , while the laboratory uses a "point/local measurement" methodsamples are of a volume magnitude of only several cm 3 to several tens of cm 3 ); (3) field natural and 
The purpose of our study was to develop a practical tool to detect changes with the EC in sub-soil layers of corral areas. The concept is based on using FDEM measurements for a high soil coverage area at a relatively low cost and with real-time laboratory EC measurements.
In the abandoned corrals (5 to 10 years old) [13] , we found that the differences between the center of the corrals and the adjacent natural area were less significant than the differences between the center of the active corral and the outer natural area. This may indicate changes over time that result from the leakage of the salts to the sub-soil underground.
The results of the FDEM and the laboratory methods show good trend correlation; however, the values cannot be identical because of the inherent differences between these EM methods of measurement: (1) AC vs. DC: while FDEM measures AC (alternating current) in the field at different frequencies, a DC (direct current) method is used in the laboratory; (2) volume differences of 5-6 orders of magnitudes: "spatial" vs. "point/local" (the FDEM is "spatial volumetric" method-samples are of a volume magnitude of m 3 , while the laboratory uses a "point/local measurement" method-samples are of a volume magnitude of only several cm 3 to several tens of cm 3 ); (3) field natural and nondestructive vs. laboratory destructive conditions: for the FDEM, nondestructive and non-contact methods are used, wherein samples are at their natural conditions, while in the laboratory a "wet" unnatural condition is necessary for DC measurements, wherein samples are mixed with distilled water at ratio of 1:1 to allow the current flow.
Conclusions
The results show that different sources of manure (cattle at Beit Nir and sheep at Plugot) have very similar patterns of EC obtained in the sub-soil layers, between active and abandoned corrals at both sites. The obtained results show a correlation between the laboratory soil analysis and the electromagnetic analysis at all sites. A similar pattern and trend were observed between the two methods in terms of the topographic changes.
This correlation was expressed by high EC values in the center, low EC values at the edge and outside the corral, and decreasing EC values with increasing depth. This is an important factor, as the EC values cannot be the same because of the inherent difference between the FDEM and laboratory methods for EC measurements. 
